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MATERIALS ANt) METHODS
Normal human skin was obtained at surgical
operations. Biopsy specimens of skin from an al-
bino subject and from nine cases of vitiligo were
removed under local anesthesia (lignocaine 2%).
Guinea pig skin was obtained from adult male
animals by biopsy removal under anesthesia with
intraperitoneal Nembutal. Albino mice were killed
with chloroform, and ear and tail skin dissected
off.
Immediately on removal, the skin was wrapped
in gauze moistened with physiological saline and
placed in a container surrounded by crushed ice in
a vacuum flask. As soon as possible the material
was divided and one half mounted in a 5% aqueous
solution of carboxymethyl cellulose and frozen for
use in the cryostat at _200 C. Sections were cut
7 thick, picked up on coverslips, allowed to dry
for ½ minute and fixed for 10 minutes in ice-cold
formalin diluted to 10% with 1% calcium chloride.
The remaining skin was placed in 2 M calcium
chloride for 1 hour at room temperature (24° C),
and the epidermis then detached with fine forceps
under a dissecting microscope. The sheets of sepa-
rated epidermis were transferred directly to ice-
cold 10% formol-calcium for 10 minutes. After
fixation the material was washed in distilled water
and placed in the incubation medium made up as
follows:
ATP disodium salt (Sigma Chem- 150 mgm
ical Co.)
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The final pH was adjusted to 9.4 with 02 N NaOH
or 0.1 N HCI and the solution warmed to 37° C
and filtered.
Sections and separated epidermal sheets were
incubated for 2 hours at 37°, washed in 0.1 M cal-
cium chloride, placed in cobalt acetate (1%) for
1 minute, washed thoroughly in distilled water and
developed in ammonium sulfide (1%) for ½ min-
ute, washed in tapwater and mounted in water
mounting medium on glass slides for examination.
Sheets of epidermis were flattened out in water
mounting medium with the dermal surface up-
wards and covered with coverslips.
Some epidermal sheets were incubated in di-
hydroxyphenylalanine 0.1% in phosphate buffer
pH 7.4 for 2 hours at 37° for comparison with the
ATP incubated material. Five samples of normal
human skin were incubated successively in 0.1%
dopa made up in tris-(hydroxymethyl)aminometh-
ane/hydrochloric acid buffer at pH 7.2 and ATP
medium. The ATPase reaction product was visual-
ised with 0.3% glyoxal bis (2-hydroxyanil)
(GRETA) at pH 12 after differentiation in 0.5%
magnesium-saturated ethylenediamine tetraacetic
acid (EDTA) as in the method described by Cane
and Griffiths (2).
Some specimens of finger pad skin were im-
pregnated with gold and osmium iodide. Gold im-
pregnation was carried out by immersing 3—S mm
pieces of skin in 25% formic acid in fresh filtered
lemon juice for 30 minutes in the dark. These
were then blotted lightly and transferred to a
solution of yellow gold chloride (1%) and re-
turned to the dark for 30 minutes. The material
was then again blotted and left in 25% formic
acid in the dark overnight. The skin was then
washed, dehydrated in ethanol and embedded in
paraffin. Sections were cut 7 thick, taken through
ethanols, cleared in xylol and mounted in Depex
(G. T. Gurr & Co.) for examination.
Osmium impregnation was done using the tech-
nic of Mishima and Miller-Milinska (3). Skin
specimens were placed in a solution of osmium
iodide freshly made up by mixing 20 mis osmium
tetroxide (1%) and 80 mis sodium iodide (1%).
Pieces of skin 5 mm thick were left to stand in
the solution for up to 36 hours at room tempera-
ture. The material was then washed, fixed in 70%
ethanol and processed by the paraffin embedding
method described above.
Cell counts in vertical sections were made using
an eyepiece graticule. The magnification employed
gave a field size of 740 i2, and the graticule on-
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Distilled water
Calcium chloride (0.1 M)
Sodium barbitone (0.1 M)
Sodium hydroxide (0.2 N)
The demonstration of nucleoside polyphos-
phatase in melanocytes and Langerhans cells
which is discussed in a previous paper (1) pro-
vides a useful histochemieal technic for the
identification of epidermal dendritic cells which
is not dependent on their melanogenic status
and which is sufficiently reliable to allow quan-
titative estimates to be made. This paper reports
the results obtained from the application of this
technic to human skin from normal, albino, and
vitiliginous subjects; guinea pig skin from black,
red, and recessively spotted white areas; and
albino mouse skin.
67.5 ml
10 ml
20 ml
2.5 ml
EPIDERMAL DENDRITIC CELLS 29
entated so that the epidermis was aligned in the
center of the field as near as possible parallel to
the upper and lower edges. Counts were made of
all the epidermal dendritic cells and parts of such
cells between the vertical sides of the field. Cells
which were bisected by the line marking the edge
of the graticule field were included in the count.
Thickness measurements of the epidermis were
made at the center of each counted field. In the
case of well-preserved specimens it was possible to
count many fields in succession. The number of
fields counted per section varied greatly according
to the sample. Usually not less than 10 fields per
section were counted. On the average about 5
sections were used for each estimation. Arithmeti-
cal averages were made of both the total cell count
and the thickness of epidermis. The average cell
counts are expressed as cells per 100 .c lengths of
epidermis.
Cell counts on epidermal sheets were made us-
ing a field size of 740 Between 20 and 30 fields
could usually be counted per sheet of epidermis
and the average of these counts expressed as cells
per mm2 by multiplying by the factor 1.35.
RESULTs
Separated Epidermal Sheet Preparations
Examination of separated epidermal sheets
processed to show ATFase reaction product re-
vealed basal dendritic cells in samples of all the
skin investigated (Figs. 1, 2, 3). There were no
apparent differences in dendritic cell density be-
tween pigmented and unpigmented skin from
adjacent sites, and cell counts made on human
specimens did not reveal any consistent differ-
ence, although both pigmented and unpigmented
samples gave higher basal dendritic cell counts
than the equivalent numbers of dopa positive
cells (Table I). The reason for this discrepancy
became evident when epidermal sheets were
processed to show both dopa and ATP reaction
products. Most of the dcndritic cells were stained
by both products as was particularly clearly
shown in a sample of foreskin treated in this
way (see Color plate), but some cells which
were dopa negative exhibited ATP reaction
product. Cells positive only to dopa were also
present, and these were always found in the
papillary indentations of the epidermis. It is
possible that ATPase activity was not discerned
in them for technical reasons, such as over-dif-
ferentiation in EDTA resulting in the removal
of calcium phosphate reaction product or inade-
quate penetration of the GBHA calcium stain
into these regions. The result of cell counts made
on the foreskin sample is given in Table II.
Judged by the intensity of the reaction prod-
uct the ATPase activity in non-melanogcnic cells
was greater than in those cells which were dopa
positive, although it is possible that the bril-
liance of the GBHA-calcium complex was dimin-
ished by the presence of dopa melanin in these
cells.
Vertical Sections of Epidermis
Suprabasal epidcrmal dendritic cells were
present in all the skin examined (Figs. 4, 5, 6).
Examination of sections of normal human skin
from different sites showed apparent differences
in the numbers of suprabasal cells, and cell
counts were undertaken to enable comparisons
to be made. The results are shown in the accom-
panying tables.
The suprabasal dendritic cell count in normal
human skin is shown in Table III. Average re-
gional values which have been made compara-
ble by correcting for a uniform epidcrmal thick-
ness of 50 p. are given in Table VI. Because of
the extremely dcndritic nature of the cells and
the difficulty in assessing the average cell size
of suprabasal epidermal dcndritic cells no at-
tempt was made to correct the counts to include
only whole cells.
The suprabasal dendritic cell counts in the
palmar and plantar skin were low in comparison
with other regions. It was considered that a
possible reason for the low figures might be that
some of the cells in palmar and plantar epi-
dermis do not possess nucleoside phosphatase
activity and are therefore not evident in the
sections. To examine this question epidermis
was stained by the gold chloride method and the
osmium iodide technic. Osmium positive cells in
the epidermis were estimated between 0.4 and
0.5 per 100 x 50 p., and aurcophylic cells less
than 0.4. These results were taken as confirma-
tion of the ATPasc figure of 0.5 cells per 100 x
50 p..
Similar results were obtained when guinea pig
skin was examined. It was not practicable to
make detailed regional comparisons of the dis-
tribution of suprabasal dendritic cells in the
guinea pig because of the errors introduced in
the counts by the thinness of the epidermis
which made it difficult to distinguish between
basal and suprabasal cells. Qualitatively, how-
ever, there appeared to be comparable numbers
of suprabasal cells in all the samples examined
with the exception of nlantar skin. Cell counts
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FIG. 1. Human skin: separated epidermal sheet from area of vitiligo, incubated in ATP
medium. Basal dendritic cells are clearly shown (X 60).
Fic. 2. Albino mouse skin: separated epidermal sheet from ear, incubated in ATP me-
dium (X 275).
. .Fcc. 3. Cavy skin: separated epidermal sheet from white spotted region, incubated in
ATP, showing basal dendritic cells (X 900).
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on a few sections showed that in comparison
with the thickness of the epidermis there were
fewer suprabasal dendritie cells in plantar skin
than in other areas (Table IV).
Albino mouse ear skin showed some ATFase
positive suprabasal dendritic cells but fewer than
in either the human or guinea pig epidermis. In
mouse tail skin very occasional ATiPase positive
cells were seen in regions of epidermis between
the scales.
Comparison of Counts in Pigmented oad
Un pigmented Human Skin
The values found in depigmented skin and
pigmented vitiligo skin are given in Table V
and compared with normal cell counts in Table
VI. Although the counts in depigmented skin
were on the average higher than in pigmented
skin the mean values fall within the normal
range indicated by the standard deviation.
Nevertheless, as shown in Table V, comparisons
of the numbers of suprabasal epidermal den-
dritie cells in skin from adjacent pigmented and
unpigmented sites on the same individual con-
sistently gave higher values for depigmented
skin. The statistical significance of these dis-
crepancies calculated assuming the population
mean discrepancy to be zero* gives the follow-
ing values:
Standard deviation of discrepancies
= 0.57
Best estimate of the standard deviation
= 0.61
t = 4.65 with 7 degrees of freedom
p < 0.01
Thus, the probability of the discrepancy between
the numbers of dendritic cells counted in viti-
* The discrepancy calculations were made as
follows:
—
(Va — y) N
d
where
Ya = assumed value of mean discrepancy (= 0).
= mean discrepancy between values.
N = number of values in sample.
= deviation between samples.
= best estimate of standard deviation cal-
culated using Bessel's correction:
d = d/_N
" N — 1
where d = standard derivation.
TABLE I
Counts of A TPase positive basal dendritic cells in
pigmented and unpigmented skin compared with
equivalent counts of dopa positive cells
Site
Average cell counts per mm2 epidermis
ATPase cells
Dopa cells
Pigmented Unpigmcnted
Arm 1250*
" 1300 1280 1050
Neck 1800 1950 1380
Abdomen 1150 1080 680
" 1260 1100 1000
Leg 1680 1850 1500
TABLE II
Basal dendritic cell counts on sample of foreskin
processed to show both dopa and A TB reaction
products
Reaction product
ATP only ATP and dopa Dopa only
Cells per mm2 830 1790 380
Total ATP Total dopa
positive positive
2620 2170
liginous and in pigmented epidermis is less than
that which can be ascribed to chance.
DI5CU5SJON
Until recently (4) some doubt existed con-
cerning the presence of basal epidermnl den-
dritic cells in the unpigmented skin of white
spotted mammals, although it seemed reasonable
to infer their presence on the basis of the demon-
stration of their presumptive division products
—the suprabasal Langerhans cells. It is, there-
fore, of interest that with the exception of cer-
tain regions of the mouse tail, which has special
features (5), ATPase positive basal dendritie
cells were demonstrated in all the samples
whether from pigmented, vitiliginoua, albino or
white spotted skin. This finding is in keeping
with the view that the basal dendritie cells com-
prise the generative layer for the auprabasal
cells demonstrable in vertical sections of epi-
dermis from these regions, and suggests that the
* Albino subject.
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Fio. 4. Cavy skin. Vertical section of white spotted region incubated in ATP showing
soprabasal dendritic cells (X 681).
.Fio. 5. iloman albino skin. Vertical section of epidermis showing ATPase positive
soprabasal dcndritic cells (X 634).
Fic. 6. Homan skin from region of vitiligo incobated in ATP medium (X 188).
Separated normal human epidermis from a sample of foreskin processed to show both
ATP hydrolysis and dopa oxidation products viewed from the dermal surface. The dopa
reaction product is black and the ATP product is red. Basal dcndritic cells are visible
which demonstrate coincidence of these products (sec lower figure) and appear reddish-
brown in the upper figure. Some cells show only ATPasc reaction product and others,
particularly in the papillary indentations shown in the upper figure, exhibit only the prod-
uct of dopa oxidation.
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Finger pad
(osmium)
(gold)
repeated ultraviolet irradiation causes an in-
crease in the numbers of dopa positive basal
dendritic cells (6). Quevedo et cii. (6) considered
that the observed changes were due to altera-
tions in melanogenic activity of dendritic cells
already present in the irradiated skin, but the
alternative possibility suggested by the data
76 presented here is that some of the new melano-
genie cells may arise by division of those present
66 prior to irradiation and replace non-melanogenic
66 cells which migrate outwards through the epi-
70 dermis. In this way the total basal dendritic
66 cell population would remain constant while a
proportionate increase in melanogenic cells with
64 an associated rise in suprabasal dendritic cells
44 takes place.
Counts of ATPase positive basal dendritic
TABLE IV
Cavy S/cia: counts of dertdritic cells in vertical
sections of epidermis
Cell Count
site
Average
number
of cells
per 100 j.
Average
epidermal
thickness()
corrected
for
epidermal
thickness
of 20
Flank (white) 4.02 <20 4.02
Abdomen (red) 3.68 48 1.54
Foot pad (black) 1.30 250 0.10
(black) 1.12 160 0.14
Site
Average number of
cells per 100 j.
of epidermis
Unpig- Pigmented
mented skin skin
Difference
Average
epidermal
thickness()
Arm
"
Neck
Arm
"
Neck
Leg
Arm
Back
2.93
1.79
2.13
2.31
2.12
3.70
2.52
2.71
2.34
1.99
1.14
0.67
1.35
1.76
1.71
0.96
2.52
—
+0.93
+0.65
+1.46
+0.96
+0.37
+1.99
+1.56
+0.20
—
76
70
45
62
67
54
57
67
57
Arm 1.70*
2.49*
55
41
TABLE III
Site
Average cell
count per
100 lengths
of epidermis
Average
epidermal
thickness 6')
70Buttock
Arm
Neck
Leg
Back
Chest
Abdomen
Foreskin
Foot (plantar surface)
Face
3.00
1.89
1.26
1.32
1.97
2.34
1.95
1.33
0.71
1.69
1.11
1.23
1.48
2.34
1.88
3.36
3.60
2.38
2.85
2.95
1.10
2.69
1.55
1.27
111
54
57
49
56
57
76
61
70
100
70
200
52
160
145
155
TABLE V
Vitiligo skin: cell counts in vertical sections of
—
pigmented and depigmented epidermis
Average number of suprabasal epidermal den-
dritic cells in samples of normal human skin. The
average epidermal thickness is also shown. The
cells were visualized by the product of ATP
hydrolysis except in the case of the specimens of
finger pad as indicated in the table.
ability of basal dendritic cells to divide is inde-
pendent of their melanogenic status.
It was interesting to note in this context that
the suprabasal dendritic cells were increased in
numbers in depigmented human skin, which
might be a reflection of an increased mitotic rate
of basal dendritic cells resulting from greater
stimulation by radiation in the absence of pig-
ment in the epidermis. It has been shown that * Albino subject.
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TABLE VI
Average suprabasal dendritic cells in human
skin corrected to a standard epidermal thickness
of 50 s. Regional values arc shown. The means of
the combined results arc given standard devia-
tion. The low values for foot and finger pad epi-
dermis have been excluded from the calculation
of the combined average of cell counts on normal
skin.
Site
Foot
Finger
(osmium)
(gold)
Type of skin
Normal
0.28
0.48
0.44
0.37
Pigmented
skin of
vitiligo
patients
—
—
—
—
Depig-
mented
skin
—
—
—
—
Face
Neck
Arm
Chest
Back
Abdomen
Buttock
Foreskin
Leg
2.65
1.24
1.26
2.20
1.93
2.03
2.15
2.10
1.25
—
1.17
1.29
—
—
—
—
—
0.85
—
2.89
1.90
—
2.05
—
—
—
2.20
Combined mean 1.65
0.59
1.20
0.39
2.11
0.64
cells in pigmented and unpigmcntcd skin did not
indicate any rise in the population density of
these cells in amelanotic skin which could corre-
spond to the increased numbers of suprabasal
dendritic cells, a finding which gives support to
this suggestion.
It was also found that the ATPase positive
basal dendritie cell counts were higher than the
corresponding dopa positive cell counts by about
20 percent, which suggested that a greater num-
ber of basal dendritie cells were present in pig-
mented skin than those exhibiting melanogenic
activity. This was borne out by the double stain-
ing technic for dopa and ATP reaction products
which gave a total basal dendritic cell count of
3000 cells per mm2. This figure is high in com-
parison with the range of 2 100—2660 cells per
mm2 given by Szabó (7) for the melanocyte
density of foreskin. However, of the total cells
counted, only 2170 dendritic cells per mm2 were
accounted dopa positive, a figure within the
range quoted by Szabó. The remaining cells
showed only ATFase activity. While it might
be argued that some of these cells were not lo-
cated at the dermo-epidermal junction but were
ATiPase positive suprabasal dendritic cells, ex-
amination of the material did not support such
a view.
It appears, therefore, that there exists a pro-
portion of basal dendritic cells which are non-
melanogenic as judged by the dopa reaction. It
is possible that they represent a species of pre-
melanocyte in which tyrosinase synthesis can be
induced, or they may be basal Langerhans cells
in which tyrosinase synthesis has ceased (8).
This question could perhaps be resolved by
electron microscopy.
An interesting feature of the results of the
suprabasal dendritic ccli counts was the regional
differences in the numbers of suprabasal cells.
While these differences were slight between re-
gions where the epidermis was of similar thick-
ness, a striking reduction in the numbers of
suprabasal dendritic cells was found in the thick
epidermis of the palms and soles, and supra-
basal dcndritic cells were absent from the scale
epidermis of the mouse tail.
The possibility arises, therefore, that the epi-
dermal thickness is affected by the ratio of
dendritic cells to keratinocytes. The suggestion
has been made that suprabasal epidermal den-
dritic cells augment epidermal cell lysis during
keratinization (9), and it is possible that the
dcndritic cell/keratinocyte ratio affects the epi-
dermal thickness by varying the life period of
kcratinocytcs preceding transitional zone cytoly-
sis. Since the period available for keratin syn-
thesis would be altered by a change in the kera-
tinocyte survival time, a difference in the horny
layer might also be expected. A cellular induc-
tion mechanism of this type would account for
the results obtained on plantar and palmar skin
where the suprabasal dcndritic cell count was
low in comparison with the regions where the
epidermis is thinner and less cornified.
A brief consideration of this question, how-
ever, reveals that non-specific factors may affect
the number of suprabasal dcndritic cells per
unit thickness of epidermis, which may for con-
venience he assumed to correspond to the ratio
of suprabasal dendritic cells to suprabasal kera-
finocytes. This ratio is dependent on the re-
spective rates of inclusion of dcndritic cells and
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keratinocytes in exfoliation. It seems probable
that these rates of inclusion (R4 and Rk respec-
tively) reflect the mitotic rates of their genera-
tive cell populations in a manner indicated by
the expression: R/Rk = (D/K) X (Ma/Mk)
where D and K represent the numbers of basal
dendritic cells and keratinocytes per unit area,
and M4, Mk their respective mitotic rates. The
relationship between the relative rates of inclu-
sion in transepidermal movement is illustrated
schematically in Figure 7, from which it can be
seen that the ratio of suprabasal dendritic cells
to keratinocytes (and thus to epidermal thick-
ness) will be a function of the inclusion rates
R, and Rk irrespective of the thickness of the
epidermis. The ratio R4/Rk is susceptible to al-
terations in effective basal surface area as in
acanthotic epidermis since this may cause
changes in the size of the generative cell popula-
tions. In normal adult skin it may be assumed
that D and K remain constant so that the ratio
Rd/Rk, and thus the corrected suprabasal den-
drocyte count shown in Table III, is a function
of the relative mitotic rates of the dendritic cell
and keratinocyte generative cells. It has been
shown that mitosis of keratinocytes and den-
dritic cells are not necessarily related (10) and
differences in suprabasal dendritic cell counts
000000000000
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FIG. 7. Diagrammatic representation of the rela-
tionship between the rates of inclusion of keratino-
cytes (R) and dendritic cells (Rd) taking part in
transepidermal movement. The generative cells are
represented within the dotted lines. The horizontal
line indicates the base of the epidermis and the
vertical ordinate represents the epidermis traversed
by the cells which are indicated by circles. In the
figure it is assumed that the average speed of
transepidermal movement for each cell type is con-
stant.
might, therefore, be expected to arise from the
differential effects of a number of stimuli on
these cell types. Such an effect is shown in the
case of X-irradiation of the skin which results in
a relative reduction of suprabasal dendritic cells
(11). The relative increase in suprabasal den-
dritic cells in depigmented skin could be the
result either of a reduction in the mitotic rate
of keratinocytes or an increase in the generation
rate of dendritic cells. An alternative explana-
tion of the raised suprabasal cell counts in
vitiligo is that the increase is related to the
pathogenesis of that condition. The fact that the
counts in albino skin fall into the same range as
those from depigmented skin in vitiliginous sub-
jects argues against this, although because of
the limited sample it cannot be regarded as con-
clusive.
SUMMARY
The distribution of epidermal dendritic cells
in normal and depigmented skin was examined
by means of the calcium-cobalt technic for nu-
cleoside polyphosphatase.
Basal dendritic cells were demonstrated in
normal pigmented skin and in regions of white
spotting, in vitiligo, and in albino skin. It was
shown by means of a double staining technic
that a proportion of basal dendritic cells in nor-
mal pigmented skin are non-melanogenic.
Numerical comparisons of suprabasal epi-
dermal dendritic cells showed that they are re-
duced in palmar and plantar epidermis and in—
creased in depigmented human skin.
If the values from the counts on foot and
finger-pad epidermis were excluded, the mean
value obtained by averaging the results was 1.63
suprabasal dendritic cells per 100 length and
50 thickness of normal human epidermis, with
a calculated standard deviation of the mean of
0.59 and a standard error of the mean of 0.13.
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